Materials and methods
The study was made on the patello-femoral articulation of one knee joint, usually the left, from an unselected series of necropsies in 29 subjects (21 men and 8 women) whose ages ranged from 18 to 91 years; joints showing changes from inflammatory disease or disuse atrophy were Accepted for publication May 1, 1972 excluded. The specimens were examined as soon as possible during or after the necropsy.
Indian ink preparations
The cartilage surface was rinsed with physiological saline, and then painted with Indian ink diluted in saline. Excess ink was removed by gentle wiping with moistened cotton wool or lens tissue. Before and after painting, the cartilage was kept wet by the use of physiological saline; no fixative was used. The painted surface of the cartilage, in situ on its underlying bone, was examined en face at a magnification of x 10, using a 'Stereomaster' microscope (W. B. Prior) with reflected light from the lamp mounted in the focusing holder.
Artificial splits The point of a pin was used to make artificial splits into the cartilage surface (Bullough and Goodfellow, 1968) . For photography, the splits were filled with Indian ink.
Tangential slices Thin tangential slices of the Indian ink preparations were cut from the surface of the unfixed wet tissue, using singleedge safety razor blades manipulated under the stereomicroscope. The slices were mounted in physiological saline on glass slides without coverslips, and examined by light microscopy using transmitted light. The preparations were studied unstained except for the Indian ink particles present on their surface.
Vertical sections for histology Tissue blocks for histology were taken from some of the Indian ink preparations. A note was made of the alignment of the block in relation to the direction of the proximaldistal axis of the articulation and to the direction taken by the artificial splits. The blocks were fixed in buffered The appearance of the surface, when examined en face in the tangential plane, varied from specimen to specimen and from site to site on the same specimen. Taking the series as a whole, four main types of surface appearance were encountered (Figs 1 to 7 adjacent bone if this had become exposed (Fig. 6 ).
In one patellar specimen, a grooved area of thinned cartilage on which the superficial layer had been destroyed showed less than the expected amount of blackening; histologically, the affected area was found to have a relatively smooth surface without the deep splitting usually seen in overt fibrillation. (4) Sites showing full-thickness loss of cartilage, with exposure of underlying bone (Fig. 6) .
QUANTITATIVE RESULTS
For each of the specimens, a point-counting technique was used to estimate the amounts, if any, of 'overt' fibrillation and of bone exposure on the patellar surface; the results were expressed as percentages of the total surface area of the patellar articular face (Table) . A note was also made of the presence or absence of patellar osteophyte formation. The amount of overt fibrillation tended to increase with age (Table) . In younger subjects, overt fibrillation, if present, was seen particularly at or near the edges of the patellar surface (Fig. 2) A surface which appeared locally intact in a vertically cut histological section examined at a magnification of x 150 presented a particle-covered line free from sharply-angled irregularities in the particular microscopic field under study (Fig. 13 overleaf) . 17 and 20) . These minimal morphological changes merged into the appearances seen in histological sections of overt fibrillation (Fig. 21 ) .
Discussion
By use of Indian ink preparations when examining articular cartilage, areas of mild damage to the surface are made more readily apparent than in unstained preparations. The findings indicate that areas of the surface in this state of 'minimal fibrillation' can exhibit a variety of patterns when examined en face by stereomicroscopy and by transmission light microscopy of tangential slices. With the techniques described, these various patterns can be studied on cartilage which is unfixed and in contact with physiological saline, thus avoiding artefactual distortions from the shrinkage and edge curling which is said to occur during preparation of specimens for scanning electron microscopy (Clarke, 1971) . As an incidental advantage, Indian ink preparations also aid in the interpretation of histological sections cut after fixation of the tissue, since the particles mark the line of the articular surface and enter cavities which were in communication with the synovial space; thus the Indian ink helps to distinguish between genuine and artefactual irregularities of the surface. The present investigation further shows that the appearance of the surface as seen in vertical sections can be influenced by the direction in which the block is cut in relation to the alignment of surface features (Figs 14 to 17 and 20) .
The results of the present study suggest that one way in which the state of 'minimal fibrillation' may be initiated is from the sites of a feature seen in vertical sections as minute, sharply-angled irregularities of the line of the articular surface ( Figs 14, 15) ; this feature is apparent on light microscopy at a magnification of x 150. The fine dark markings seen on tangential slices of Indian ink preparations (Figs 8, 10, 11, 12) , examined at the same magnification, evidently represent the same feature: because of the semitranslucency of the tissue, multilayering of the ink particles due to infolding of the surface line at the site of the irregularity will appear as a localized concentration of pigment when the surface is viewed from above; entrapment of particles in the crevice may contribute to the visual effect. The suggestion that the markings are due to 'ink trapped by revealed fibres ' (Bullough and Goodfellow, 1968 ) is probably also valid, but does not seem to be the complete explanation of the phenomenon. In this context it is relevant that microscopy shows that the particles also adhere to 'intact' surfaces ( Fig. 13) and not just to the sites of surface irregularities.
The methods used virtually exclude the possibility that these minute surface irregularities, seen at a magnification of x 150, are technical artefacts. From one edge of the initial irregularity, splitting extends immediately beneath the surface (Figs 14 to 17) , giving a feature represented by broader dark markings on tangential slices (Figs 8, 10, 11) . At certain levels of vertical section, the splitting process is seen as a cavity within the tissue (Fig. 16) ; such cavities contain Indian ink particles, a finding which suggests that they communicate elsewhere with the synovial space; the superficial 'blisters' which have been observed on transmission electron microscopy (Meachim and Roy, 1969) may be an ultrastructural equivalent of the same phenomenon. The tangential orientation of the splits is probably a consequence simply of the tangential orientation of the superficial collagen fibres, since the cartilage tends to split along the plane of the fibre network (Collins, 1949 
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